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Progress Report on ONR Grant Number N00014-96-1-0753: 

"Exploiting Chaos for Spread-Spectrum Communications" 

Leon O. Chua 

Electronics Research Laboratory, 

Department of Electrical Engineering and Computer Sciences, 

University of California at Berkeley, Berkeley, CA 94720, USA 

We have made impressive research progress on several related aspects of our research grant 

during the period July, 1997 through June 1998; namely, 1) robustness of chaotic synchroniza- 

tion schemes, 2) efficiency of chaotic synchronization systems, 3) design of practical chaotic 

spread-spectrum communication systems, 4) channel capacity of chaotic spread-spectrum com- 

munication systems, and 5) potential commercial applications of chaotic spread-spectrum 

communication systems. 

In the area of robustness of chaotic synchronization schemes, we have developed a rigorous 

theory of Hoo robustness for chaotic synchronization of two chaotic systems. This theory 

is indispensable for designing robust transmitters and receivers for chaotic spread-spectrum 

communications. 

To enhance the competitive edge of chaotic spread-spectrum communication systems over 

current commercial CDMA systems, the bandwidth for transmitting the chaotic synchroniza- 

tion signals must be reduced significantly. We have made a major breakthrough on this critical 

issue by inventing a totally new chaotic synchronization scheme called "impulsive chaotic syn- 

chronization". Unlike other chaotic synchronization schemes, which are based on ordinary dif- 

ferential equations(or difference equations), our impulsive synchronization approach is based 

on the recently developed mathematical theory of impulsive differential equations. Although 

impulsive synchronization appears to be intuitively possible, no theoretical analysis had been 

made prior our invention. We have just published a rigorous theoretical foundation of our 

invention and have presented experimental confirmation on the impulsive synchronization of 

two Chua's oscillators. Based on our impulsive synchronization scheme, the bandwidth of 

the transmitted synchronization signals can be reduced by at lease 30,000 times compared to 

other state-of-the-art continuous chaotic synchronization schemes. The channel bandwidth 

problem which had haunted many previous synchronization schemes has now been successfully 

solved because our impulsive synchronization signals are transmitted digitally. Our chaotic 

impulsive synchronization scheme also makes it possible for a complete digital implementation 

of the baseband chaotic components for both transmitters and receivers. 

Our research on the above cited chaotic impulsive synchronization scheme has led to the 

invention of a brand new technology called "Chaotic Digital Code-Division Multiple Access 

for Wireless Communication Systems".  A patent based on this invention has recently been 
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filed by the University of California, Office of Technology Licensing, under Case No. B-97- 

080. We have demonstrated by extensive computer simulations that chaotic digital CDMA 

communications based on our chaotic impulsive synchronization technology can double the 

channel capacity of CDMA in wireless environments. In addition, chaotic digital CDMA sys- 

tems can also be used in cable TV networks for Internet access via coaxial cables. Comparing 

to the current synchronous CDMA scheme used in cable TV networks for Internet access, 

our non-synchronous chaotic digital CDMA can provide at least a 1.5 times bigger channel 

capacity. 

The key concept of our chaotic digital CDMA system consists of substituting the chaotic 

carrier generator for both the chip generator and the carrier generator required in current 

CDMA systems. This significantly simplifies the hardware complexity of both transmitters 

and receivers, thereby making it possible to design other novel applications, such as home 

automation via power-line carriers. Because the high-frequency chip sequence has been elim- 

inated, our chaotic digital CDMA system can work in a unique mode, called the interleave 

mode, where the transmitter has to transmit only a small portion of the entire message bit 

duration. By doing so, the interference level within each cell is reduced significantly. This 

results in a bigger global channel capacity for chaotic digital communication systems. Because 

of the relatively low efficiency of the power amplification stage in RF transmitters, the inter- 

leave mode will result in a considerable longer battery life than conventional CDMA systems. 

This advantage is particularly important for mobile stations in wireless environments. 

Our future research will exploit our above cited inventions to other applications. We 

will also conduct even more extensive computer simulations under more realistic and noisy 

environments. 
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